Animals use acoustic signals to communicate and to obtain information about their environment. The processing of acoustic signals is initiated at auditory sense organs, where mechanosensory hair cells convert sound-induced vibrations into electrical signals. Although the biophysical principles underlying the mechanotransduction process in hair cells have been characterized in much detail over the past 30 years, the molecular building-blocks of the mechanotransduction machinery have proved to be difficult to determine. We review here recent studies that have both identified some of these molecules and established the mechanisms by which they regulate the activity of the stillelusive mechanotransduction channel.
Introduction
Our ability to perceive sound is a demonstration of the extreme signal processing capability of the nervous system. The mammalian auditory system responds to sound-induced vibrations at atomic dimension, can amplify signals >100 fold, and has a wide dynamic range that enables us to perceive sound over a large intensity and frequency range. Changes in air pressure induce fluid motions that travel along the cochlear duct and induce mechanical vibrations at the sensory epithelium in the organ of Corti (Figure 1a,b) . As a consequence of gradual changes in the physical properties of the cochlea from the base to the apex, each segment of the sensory epithelium vibrates in response to a specific frequency. Three rows of outer hair cells (OHCs) (Figure 1b) amplify the vibrations. The mechanical signals are then transferred onto inner hair cells (IHCs) (Figure 1b) , which transmit the information to afferent neurons. Hair cells at the base of the cochlea respond to the highest frequencies and those at the apex to the lowest. Sound frequencies are therefore relayed to the nervous system as a tonotopic map ([1-4] for recent reviews).
At the heart of hearing is the mechanotransduction process, the conversion of mechanical force into electrical signals. This process is carried out by the mechanosensory hair cells of the cochlea. The molecular components of the mechanotransduction machinery of hair cells have for decades escaped detection, largely because hair cells are few in number and hard to manipulate experimentally. As in other experimental systems, genetic studies have recently overcome these problems. The study of genes that are linked to deafness, the most common form of sensory impairment in humans, has finally led to the identification of some of the components of the mechanotransduction machinery. Here we summarize these findings as well as several studies that have provided insights into the properties of the molecules of mechanotransduction.
Auditory mechanosensation: converting sound into electrical signals Hair bundles and tip links
The mechanically sensitive organelle of a hair cell is the hair bundle, which consists of actin-rich stereocilia that contain mechanotransduction channels close to their tips ( Figure 1c, Figure 2a,b) . Stereocilia are organized in rows of decreasing heights and are connected by extracellular filaments, including the tip and ankle links, and also the top-connectors (Figure 2a ). These linkages are remodeled during development; mature murine cochlear hair cells retain only tip links and top connectors ([3,4] for recent reviews). The stereociliary bundle is polarized in the apical hair cell surface, which provides directional sensitivity to stimulation. Sound-induced deflection of the hair bundle in the direction of the longest stereocilia increases channel open probability; deflections in the opposite direction decrease channel open probability ([1] for recent review).
Since their original discovery [5], tip links have been proposed to transmit tension force onto the transduction channel. In support of this model, tip links are oriented along the mechanical sensitivity axis of hair cells [5] . Furthermore, Ca 2+ flows into sterocilia close to their tips [6, 7] . Finally, disrupting tip links by removal of Ca 2+ or treatment with the protease elastase leads to loss of mechanosensitivity of the hair bundle [8, 9] .
Coherence in motion
The hair bundle of a hair cell is exquisitely sensitive to mechanical stimulation. At the threshold of hearing, bundles are deflected by <1 nm [10, 11] ; maximal response to mechanical stimulation is evoked by 1 0 angular deflection [12] . The analysis of hair-bundle motion in response to lowfrequency stimulation has shown that stereocilia tilt around the pivots at their base [13] [14] [15] . Recent optical measurements with frog saccular hair cells demonstrate that the stereocilia within a bundle show a high degree of coherence in motion with little splay [16, 17] . Pretreatment of hair bundles with the Ca 2+ chelator, BAPTA, to break tip links
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